Abstract: Soil erosion is one of the most serious environmental problem of agricultural based developing countries since it remove soils rich in nutrients, increase natural level of sedimentation in rivers and other water bodies and causes flood and water quality problems. The final results are the reduction of the productivity of land, which can lead to increase in expenditure in fertilizers to maintain yields and reduction in capacity of rivers increasing the risk of flooding, blocking of irrigation canals and shortening the design life of reservoirs. Soil erosion assessment for watershed management is one of the major concerns because, in reality, it is not possible to conserve all areas under the threat of erosion due to financial constrains. Soil loss rate or erosion rate estimation for land parcels is of utmost importance to the effort of soil conservation work. The most common method in the world to identify land parcels which are severely eroded is Universal Soil Loss Equation (USLE). It predicts the longterm average annual rate of erosion. However, the factors in this equation require field validation prior to their application for a particular region. This study was carried out for a relatively small area and this paper describes the key issues, methodology and recommendations for the process of soil erosion assessment of such an area. Erosion hazard in a watershed has spatially varying characteristics. Hence, the use of a computer tool, which can handle spatial data, is important. Geographic Information System (GIS) provides an easy solution for such spatial assessments for effective watershed management.
Introduction
Land resource is primarily important for all developing countries, particularly in countries like Sri Lanka, where the majority of the people are either directly or indirectly dependent on agriculture for their livelihood. Hence, soil erosion is one of the most serious environmental problems of agricultural based developing countries since it remove soils rich in nutrients, increase the natural level of sedimentation in rivers and other water bodies and causes flood and water quality problems. Soil erosion assessment for watershed management is one of the major concerns because, in reality, it is not possible to conserve all areas under the threat of erosion due to financial constrains. Soil loss rate or erosion rate estimation for land parcels is of utmost importance to the effort of soil conservation work. Erosion hazard in a watershed has spatially varying characteristics. Hence, the use of a computer tool, which can handle spatial data, is important. Geographic Information System (GIS) provides an easy solution for such spatial assessments for effective watershed management. GIS is becoming a popular tool when seeking solutions to issues of these kinds, which are spread over large spatial extents. The most common method for soil erosion assessment in the world is Universal Soil Loss Equation (USLE).
Parameters in this equation were tested for United States conditions but most other own countries have identified parameters suitable for their countries. There fore, before using this equation for a particular area, it is necessary to calibrate it for that region. The objective of this project is the development of a soil erosion model and verification of that model for a particular area. area has a flat region as well as hilly terrain with the elevation ranging from Om to 23m above mean sea level. The topographical map shows that the eastern part of the area has hilly terrain while the North Western part of the area is flat. The available soil maps indicate that the area has one soil type named as Red Yellow Podzolic.
Study location

Data collection
A field data collection was done to collect details of land use, soil properties, rainfall, conservation practice used in the area and existing erosion levels. Land use patterns were marked in the map in a scale of 1:1200 using a pre-coding system identified during the reconnaissance survey. Land cover distribution in the area is given in Table 1 . The soil type in the area was identified using collected data during field surveys and Moorman (1966) guidelines. This was the same type as identified in the national atlas for the area. Existing erosion levels were classified into four types using data collected in the field, the method mentioned in FAO soil conservation guideline and Morgan (1995) . A quantitative scheme was prepared to differentiate each erosion class easily and is as shown in Table 2 . The method of assessment described by Morgon (1995) was difficult without a specific description of erosion levels and hence a coding leading to a quantitative assessment was used. (Karunatilaka and Wijesekera 2001) Daily rainfall data was collected using three rain gauge stations during the year 2001 to prepare the methodology to find out annual rainfall for the last 20 years within the area comparative to the Ratmalana rain gauge station which is the nearest rain gauge station to the area.
Daily rainfall during the year 2001, annual rainfall and rainfall intensity from 1981 to 2001 were collected from the Meteorological Department to compare the rainfall values recovered within the area and to prepare a methodology (which is explained in page 52) to calculate rainfall erosivity in the area. Topographical data was taken from the available map of 1:1200 scale. No erosion is visible.
No gully formation or no exposure of plant roots. Soil loss is less than 5cm in depth.
Loss of topsoil is clearly visible and the loss is less than 25cm; gullies or runoff channels visible.
Exposure of subsoil, deep channels or gullies. Loss of soil is greater than 25cm.
Model development
A soil erosion model was prepared adopting the concept of USLE with the help of facilities given by the GIS Arc/ Info and Arc/ View packages.
The collected data were logically organized into sets of maps such as rainfall, topography and land use, since the area has only one soil type and the conservation method has a relationship with the landuse in the area. All the maps are digitised using a digitizing table and transferred into a common coordinate system using Arclnfo software. Once all the maps are in a common coordinate system, attributes are associated with the features. After preparation of three maps using Arclnfo it was taken to the ArcView for preparation of the model.
The model was prepared by adopting the concept of USLE. The USLE has been developed to predict long-term average soil losses due to runoff from small fields under specified cropping and management systems and is expressed as:
Where A is the average annual soil loss, R is the rainfall erosivity, K is the soil erodibility, L & S are slope length and slope steepness factors, C is the cover management factor and P is the conservation practice factor. It predicts the longterm average annual rate of erosion on a field slope based on rainfall pattern, soil type, topography, crop system and management practices in spatial extent. Three linear regression relationships were created for the three rainfall stations within the area, to calculate monthly rainfall in the area with the Ratmalana rain gauge station. This is shown in Table 3 . 
Where 1 is field slope length and m is equal to 0.3 for slopes less than 5%, 0.6 for slopes greater than 10% and 0.5 for the average slopes. And slope steepness factor is, 0.43 + 0.3 S 0 + 0.043 S n z 6.613 Crop management factors (C) were selected from the literature considering suitability of those factors to the area. Conservation practices used in the area were identified during the field data collection with the knowledge of practices used in Sri Lanka. Conservation practice factor (P) has a relationship with the method of land management such as contouring, terracing etc. used in the area. Conservation practices of land use could be easily corelated with land cover; the P factor values for each conservation method were taken from the literature. C and P values are given in Table 6 .
Erosion in the roads and buildings are zero because the road surfaces are paved and buildings have good drainage facilities. When preparing the model, roads and building were taken off from the final map.
The final map containing all the details of rainfall, soil, topography and landuse was prepared using "Geoprocessing" wizard in the ArcView software. The final model was developed by taking weighted average of RKCP (factors in the USLE) in the polygons within each slope class polygons, since slope class is polygon specific.
Model calibration and verification
The calculated and actual erosion class polygons indicate that some polygons in the 'garden' and part of the 'forest area' were not matching properly. Observed erosion levels and the calculated erosion levels are shown in figure 1 Slope Class Slope Angle (Deg.) Slope Length Factor (L) Slope Steepness Factor (S) 
MRAE=(l/n)H(E 0 -E)/EJ
(6) And figure 2. Therefore, optimisation of minimum error was done during the model calibration and verification process. A trial and error methodology was used for computed classifications for soil erosion to get the best fit With the field collected data. Field collected data was classified numerically into four erosion classes as described in the 
Results and discussion
1. Soil erosion model validated for the field, based on USLE, showed an erosion classification scheme and these values can be used to identify critical erosion zones for similar areas since all the parameters, except crop management factors and conservation practice factors, were extracted from the area. Therefore, if the model is used for a similar area without changing those factors, annual soil erosion values for each erosion class are, 0-1 tons/ ha/yr no apparent erosion, 1-14 tons/ha/yr moderate erosion, 14-25 tons/ha/yr severe erosion and >25 tons/ha/yr very severe erosion.
2. The study identified a quantification scheme for pre-coding of parameters, which is a very important aspect of field data collection. Such a quantification scheme has been used in most of similar researches but preparation of the most suitable quantification scheme, relevant to a particular area, offers correct and easy recording ability of the parameters used for the calculations.
The model gives incorrect results in the area
which has flat terrain. But the land use is considered as bare land. Reason for this problem is that the slope classes represent a range of slopes and only the average value has been taken for calculations. If the area is flat, input value in the model does not indicate that.
4. When the area is not having enough rainfall data or rain gauge stations, rainfall data can be found out easily by regression analysis comparing collected rainfall data in a short period of time in the specified area with that of the data taken from the nearest rain gauge station.
5. The study area is small compared to other research carried out in this field of study. Thus the data collection can be done very accurately by field surveys within a short period of time. If the area is large the most common method of data collection is Remote Sensing but these data should be rechecked using field surveys.
Conclusion
1. USLE can be successfully used to develop a soil erosion model using GIS for the study area with an MRAE for calibration of 0.1882 and for verification of 0.185. This model'can also be used on similar areas but more consideration should be given when selecting C factors and handling area specific attributes.
2. Crop management factors for this research were selected using average canopy cover within each land use. But the best results can be obtained by dividing the area considering the percentage canopy cover and surface cover.
